Postsurgical chemotherapy is guideline-recommended therapy for stage III colon cancer patients. Factors associated with patients not receiving adjuvant chemotherapy were identified in numerous studies; comorbidity was recognized as an important factor besides patient's age. We assessed the association between comorbidity and the use of adjuvant chemotherapy and type of chemotherapy regimen. Stage III colon cancer patients who underwent surgical resection were obtained from ten Centers for Disease Control and Prevention (CDC)-NPCR Specialized Registries which participated in the Comparative Effectiveness Research (CER) project. Comorbidity was classified into no comorbidity recorded, Charlson, non-Charlson comorbidities, number, and severity of Charlson comorbidity. Pearson chi-square test and multivariable logistic regression were employed. Of 3180 resected stage III colon cancer patients, 64% received adjuvant chemotherapy. After adjusting for patient's demographic and tumor characteristics, there were no significant differences in receipt of chemotherapy between Charlson and non-Charlson comorbidity. However, patients who had two or more Charlson comorbidities or had moderate to severe disease were significantly less likely to have chemotherapy (ORs 0.69 [95% CI, 0.51-0.92] and 0.62 [95% CI, 0.42-0.91], respectively) when compared with those with non-Charlson comorbidity. In addition, those with moderate or severe comorbidities were more likely to receive single chemotherapy agent (P < 0.0001). Capecitabine and FOLFOX were the most common single-and multi-agent regimens regardless of type of comorbidity grouping. Both the number and severity of comorbidity were significantly associated with receipt of guideline-recommended chemotherapy and type of agent in stage III resected colon cancer patients. Better personalized care based on individual patient's condition ought to be recognized.
Introduction
Clinical trials have proved that postoperative chemotherapy with fluorouracil-based regimens significantly reduced the risk of tumor recurrence and improved survival for both young and old stage III colon cancer patients [1] [2] [3] [4] [5] [6] [7] . Adjuvant chemotherapy has been a guideline-recommended treatment for resected stage III colon cancer patients for over two decades [8] . Although several chemotherapy regimens have demonstrated their safety and efficacy of use in elderly colorectal cancer patients [5, 9] , the utilization of adjuvant
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The effect of comorbidity on the use of adjuvant chemotherapy and type of regimen for curatively resected stage III colon cancer patients chemotherapy still occurs less frequent in elderly patients, particularly when comorbidities are present [10] [11] [12] . Unfortunately, the median age at diagnosis for colon cancer patients is 70% and 40% of cases occurred in patients aged 75 and older [13] . In addition, elderly cancer patients are more likely to have noncancer chronic diseases; an average of 4.2 comorbid conditions occurred in patients aged ≥75 compared to an average of 2.9 among those aged 55-64 [14] . Furthermore, patient's concurrent comorbidity, besides age, is a key factor that influences physicians' decision of not recommending adjuvant chemotherapy to stage III colon cancer patients because of concerning toxicity and life-expectancy [15] [16] [17] .
The main objective of this study was to examine the association between comorbid conditions and receiving adjuvant chemotherapy for stage III colon cancer patients using ten population-based cancer registries' data. The association was assessed by the type, the number, and the severity of comorbid conditions. We also evaluated whether comorbid conditions affect the selection of chemotherapy regimen for those receiving adjuvant chemotherapy. Finally, we examined the reasons for not receiving guideline-recommended adjuvant chemotherapy.
Patients and Methods
Colon cancer patients diagnosed in 2011 were obtained from ten population-based cancer registries that were the Centers for Disease Control and Prevention (CDC)'s National Program of Cancer Registries (NPCR) Specialized Registries and participated in the Comparative Effectiveness Research (CER). These states were Alaska, Colorado, Idaho, Louisiana, New Hampshire, North Carolina, Rhode Islands, and Texas, as well as 13 counties of the Sacramento region in California and five metro counties in Florida which covered about 27% of the United States population with very high representation among minority populations [18] . As part of the CER project, detailed first course of cancerdirected treatment and comorbidities were collected.
Study cohort
The data included in this study were restricted to stage III colon cancer patients who underwent surgical resection. We selected colon cancer cases based on the International Classification of Diseases for Oncology 3rd edition (ICD-O-3) topographic codes: C180, C182-C189 (Appendix was excluded, n = 51) and morphologic codes: 8000-8152, 8154-8231, 8243-8245, 8247-8248, 8250-8576, 8940-8950, 8980-8981. Derived 7th Edition AJCC staging, which was originated from the directly coded Collaborative Staging version 02.05 [19] , was used to select colon cancer with stage III disease. Patients who died within 30 days of colon resection (n = 134), had missing information on adjuvant chemotherapy (n = 428), health insurance, residential, poverty status, grade, or unknown number of positive lymph nodes (n = 210) were excluded from this study.
Description of variables

Adjuvant chemotherapy and chemotherapy agents
The main outcome of interest was whether stage III colon cancer patients received chemotherapy after surgical resection. For chemotherapy drugs, we categorized them into single agent, multiple agents and unknown. Single agents included 5-fluorouracil (5-FU), capecitabine, irinotecan and oxaliplatin. Multiple agents included FOLFOX (5-FU and oxaliplatin), FOLFIRI (5-FU and irinotecan), FOLFOXIRI (5-FU, oxaliplatin, Irinotecan,), XELOX (capecitabine and oxaliplatin), and XELIRI (capecitabine and irinotecan). Irinotecan is a key component of first/second-line treatment regimens for metastatic colorectal cancer [20] and is not the standard adjuvant chemotherapy for resected stage III colon cancer patients. However, a study showed that stage III colon cancer patients with positive CIMP (CpG island methylator phenotype) benefited from fluorouracil with Irinotecan by improving overall survival [21] . Therefore, irinotecan has been chosen as an alternative chemotherapy agent to treat stage III colon cancer patients. Regimens that contain 5-FU but substituted Floxuridine, which is an analogy drug of 5-FU, were categorized to the same regimen.
Comorbidity classification
Comorbid conditions included pre-existing health conditions and/or those diagnosed during the cancer treatment but excluded conditions related to a previous cancer diagnosis. Coding instructions were based on the Facility Oncology Registry Data Standards (FORDS) manual [22] . Comorbid conditions were coded according to the ICD-9 clinical modification (ICD-9-CM) diagnosis codes and included the following codes: 00100-13980, 24000-99990, E8700-E8799, E9300-E9499, V0720-V0739, V1000-V1590, V2220-V2310, V2540, V4400-V4589, and V5041-V5049. We used the coding algorithms developed by Quan [23] to define comorbidities in ICD-9-CM which was the enhanced version of the Deyo's adaption of Charlson Index [24] . Fifteen diseases from the Charlson Comorbidities list were identified and included in this study.
The comorbid conditions were categorized based on the comorbidity type (no comorbidity recorded, nonCharlson comorbidity, Charlson comorbidity), the number of Charlson comorbidity (one comorbidity and two or more comorbidities), and the severity of Charlson Comorbidity on Adj-Chemo/Regimen Use M-C Hsieh et al.
comorbidity (mild and moderate to severe). No comorbidity recorded by the CER specialized cancer registries included those where no comorbidity was documented in the medical chart or unknown whether patient had a coexisting condition when cancer diagnosed. NonCharlson comorbidity included other conditions that were not listed in the Charlson Comorbidities list. We used the Charlson comorbidity weights to determine the severity of comorbidity and it was categorized into: mild (condition with weight = 1) and moderate to severe (weight = 2, 3, and 6). Because patients with moderate and/or severe comorbidities are often considered for the toxicity, life-expectancy and side effect of chemotherapy [15] and only nine patients had severe comorbidity, we combined patients with moderate or with severe disease into one group in the analysis. The moderate to severe diseases includes diabetes with chronic complication, hemiplegia, renal disease, moderate to severe liver disease, and AIDS.
Classification of patient and tumor characteristics
Health insurance, indicating the patient's insured status at diagnosis and during the first course of treatment, was grouped into no insurance, private (including Medicare with private supplement), Medicaid, and Medicare and other public insurance. Census track poverty level and census tract residence were obtained from the United States Census Bureau. We categorized census track poverty into <10%, 10-20%, and >20% and census tract residence into 100% urban, 100% rural, and mixed. Other covariates included in the analysis were patient's age (<50, 50-59, 60-69, 70-79, ≥80), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic other), state of residence, tumor stage (IIIA, IIIB, IIIC), histological grade, number of positive lymph nodes (<6, 6-11, and ≥12), and whether colon cancer was the first primary cancer (Yes, No).
Statistical analysis
The proportions of comorbidity and type of disease were calculated for each age group. The frequencies of chemotherapy agent/regimen were cross-tabulated with comorbid condition. Pearson chi-square test was used to determine statistical differences in bivariate analysis. Logistic regression was used to examine the association between comorbidity and adjuvant chemotherapy for both unadjusted and adjusted models. Three multivariable models based on the method of grouping comorbid conditions were analyzed to assess the association between comorbidity and receiving adjuvant chemotherapy after controlling for patient and tumor characteristics.
Comorbidity is commonly grouped by the number of Charlson diseases in cancer research. In order to thoroughly examine the association between comorbid conditions and receiving adjuvant chemotherapy, we assessed the association by the type of comorbidity, the number of comorbidities, and the severity of comorbid conditions. Three models were used to assess these comorbidity groupings. Model I assessed the effect by type of comorbid condition, model II by the number of Charlson comorbid diseases, and model III by the severity of disease. Reason for not receiving and reason for not completing chemotherapy were assessed across three comorbidity groups as well.
Results
A total of 3180 eligible stage III colon cancer patients diagnosed in 2011 were included in the data analysis. There were slightly more males (50.8%) then females, predominantly non-Hispanic whites (66%) and about 46% of them were aged 70 and older. Patients aged 70-79 years old had the highest percentage of Charlson comorbidity followed by aged 80 and older, 37.2% versus 35.7%, respectively (Table 1) ; over one-third of them had two or more Charlson comorbidities (34.0% vs. 37.7%, respectively). In contrast, non-Charlson comorbidity occurred more frequently in younger age groups and gradually decreased as age increased. The percentages of no comorbidity recorded were evenly distributed across all age groups, around 30%. Diabetes without complications was the most common Charlson comorbid condition for all ages combined followed by chronic pulmonary disease (Table 1) . Furthermore, mild liver disease was more prevalent in age <50 and congestive heart failure was pronouncedly higher in age ≥80.
Overall, 64% of colon cancer patients with resected stage III disease received adjuvant chemotherapy. The percent receiving adjuvant chemotherapy declined from 86% in patients aged <50 years to only 28% in those aged ≥80 years ( Table 2 ). The percentage of patients receiving adjuvant chemotherapy varied by state of residence as well, ranging from 55% in Texas to 79% in Louisiana. Additionally, 69% of patients having nonCharlson comorbidity received adjuvant chemotherapy compared to only 51% of those with two or more and 49% with moderate to severe Charlson comorbidity.
The effect of different comorbidity groupings after adjusting for patient and tumor characteristics is presented in Table 2 (Table 2) . However, statistically significant differences were observed when examined by number of Charlson comorbidity and by severity of disease. Patients who had two or more Charlson comorbidities (Model II) or who had moderate to severe disease (Model III) were less likely to receive adjuvant chemotherapy than those with non-Charlson comorbidity, OR = 0.69 (95% CI, 0.51-0.92) and OR = 0.62 (95% CI, 0.42-0.91), respectively.
The likelihood of receiving postoperative chemotherapy decreased with advancing age in all adjusted models (Table 2 ). In addition, patients who had Medicaid, Medicare or other public health insurance were less likely to receive adjuvant chemotherapy than those with private health insurance; the results were consistent across all three models ( Table 2) . In contrast, patients who resided in urbanrural mixed areas or had more advanced stage of disease at diagnosis had higher likelihood of receiving adjuvant chemotherapy than their counterparts. We did not observe any racial/ethnic variations in the multivariable analysis, except Model III with marginal significance. Model III showed that non-Hispanic blacks had 31% (95% CI, 1.00-1.72) higher odds of receiving adjuvant chemotherapy than non-Hispanic whites. Male, lower tumor grade, and colon cancer as the first primary were statistically significantly associated with receiving adjuvant chemotherapy in the univariate analysis; however, these significant associations were not observed after adjusting for all predictors.
To better understand the relationship between the comorbid condition and receiving adjuvant chemotherapy for stage III colon cancer patients, we examined the percentage of those receiving adjuvant chemotherapy among Comorbidity on Adj-Chemo/Regimen Use M-C Hsieh et al. Figure 1 . Severity of Charlson comorbidity displayed more variation than number of Charlson comorbidity on receiving adjuvant chemotherapy among five age groups. The percentages of patients receiving adjuvant chemotherapy were similar between patients with one Charlson comorbidity and those with nonCharlson comorbidity (Fig. 1A) . However, compared to patients with non-Charlson comorbidity group, patients with two or more Charlson comorbidities had significantly lower percent receipt of adjuvant chemotherapy in age 70-79 and age ≥80 (Fig. 1A) . Likewise patients with moderate to severe Charlson comorbidity were less likely to receive adjuvant chemotherapy in age <50 and age 60-69 (Fig. 1B ). There were no statistical differences when comparing patients with one Charlson comorbidity or with mild Charlson comorbidity to those with non-Charlson comorbidity.
We also examined the relationship between the type of chemotherapy agent and comorbidity grouping and noted statistically significant association between comorbidity and the type of chemotherapy regimen (P < 0.0001). Overall, 21% of stage III colon cancer patients received single chemotherapy agents, 54% received multiple agents and 25% of patients had unknown type of chemotherapy regimen. About 62% of patients without comorbidity recorded and 55% with non-Charlson comorbidity received multiple chemotherapy agents, compared to only 29% of patients with moderate to severe Charlson comorbid condition (Table 3 ). The most commonly used single agent and multiple agents across all groupings of comorbid conditions were capecitabine and FOLFOX. Figure 2 shows the reason for not receiving and not completing adjuvant chemotherapy by comorbidity type. The major reason for not following the guidelinerecommended chemotherapy among stage III colon cancer patients was that adjuvant chemotherapy was not planned for the first course of treatment regardless the comorbidity type ( Fig. 2A) , ranging from 71-76%. Of the 2046 patients receiving adjuvant chemotherapy, over half (n = 1095) of patients had unknown completion status. For those patients not completing the planned chemotherapy with known reason (n = 481), developing complication was the main reason across all three types (Fig. 2B) , especially for patients without comorbidity recorded (66%).
Discussion
In this study, we found 7 out of 10 stage III colon cancer patients had at least one recorded comorbid condition. This result was consistent with a previous study [25] . Of those patients (n = 2224) with comorbid condition(s), 43.5% had at least one Charlson comorbidity which was more pronounced in age ≥70. Similar with previous reports [9] [10] [11] , our study also revealed that age remains as a strong predictor for not receiving guideline-recommended adjuvant chemotherapy for patients with stage III colon cancer. Compared with patients aged <50, the ORs of receiving adjuvant chemotherapy declined dramatically from 0.63 in age group 50-59 to 0.06 in age group ≥80. However, these ORs remained similar after adjusting for comorbidity and other predictors in all three models. We observed that the number and severity of comorbidity had a substantially negative association with guideline-recommended adjuvant chemotherapy for stage III colon cancer patients which was consistent with previous studies [9] [10] [11] 25] . Patients with moderate to severe Charlson comorbidity and those with two or more Charlson comorbidities had lower odds of receiving adjuvant chemotherapy (OR = 0.62 and OR = 0.69 respectively) compared to those with non-Charlson comorbidity after adjusting for age and other predictors.
Literature has shown patient life-expectancy and potential toxicity were the main concerns of physicians in administering postoperative chemotherapy in stage III colon cancer patients [15, 16] . These survey studies examined the preferences of surgeons versus oncologists and found that both age and severity of comorbidity affected the surgeon's decision for not referring to an oncologist and oncologist's decision for not recommending adjuvant chemotherapy to stage III colon cancer patients [15, 16] . In particular, the oncologist's decision was more profoundly influenced by patient's comorbid condition [16] . Studies demonstrated that life-expectancy of colorectal cancer patients substantially declined with the increasing number of coexisting chronic diseases [26] [27] [28] . Differences in chemotherapy drug toxicity between younger and older stage III colon cancer patients were well established in previous studies [5, 14, 29] . Older patients received the same benefit as their younger counterparts from fluorouracil-based adjuvant therapy without a significant increase in toxicity; [5] whereas the oxaliplatin with FOLFOX regimen showed a slightly higher rate of cytopenia among older patients [14] . However, the association between the toxic effects of adjuvant chemotherapy and type of comorbidity was not clear for stage III colon cancer patients. Cassidy et al. [30] reported that age was not related to increasing toxicity in metastatic colorectal cancer patients treated with first-line oral capecitabine after controlling for any possible renal function side effects. In addition, certain Charlson comorbidities including chronic obstructive pulmonary disease, congestive heart failure, peptic ulcer disease, renal disease, and AIDS were significantly associated with an increasing risk of chemotherapy-induced febrile neutropenia in cancer patients [31] .
A prospective observational cohort study demonstrated that treatment modification due to low-grade toxicity occurred more often in cancer patients with multiple comorbidities, but age was not significantly associated with it [32] . We observed that patients with either two or more comorbidities or with moderate to severe Charlson comorbidity were less likely to receive FOLFOX, a multiple agent regimen. Instead, physicians tended to treat those patients with capecitabine or oxaliplatin which has a favorable safety profile compared with intravenous 5-fluorouracil/leucovorin [30] . In addition, for patients who received adjuvant chemotherapy, treatment complication was the primary reason for the early termination.
Our study has several strengths. The study cohort includes ten population-based cancer registries which cover about 27% of the United States population and has a high proportion of minority populations [18] . Although first course treatment is collected by all population-based cancer registries as part of routine abstracting, it has been known that adjuvant therapy data are incomplete, especially those administrated in medical oncology offices. Therefore, the CER registries were provided additional resources to collect all treatment data items required by the CER project. Thus, CER data have much more complete first course treatment including detailed chemotherapy regimens and dosages which are not routinely collected in population-based cancer registries.
Limitations of this study should be noted. Because of the shift of medical practice, the majority of chemotherapy was administrated in medical oncology offices. For states with large territories, the collection and completeness of chemotherapy information has been challenging. Coding of comorbid conditions were based on the FORDS coding instructions [22] . However, not all coexisting diseases listed in ICD-9-CM were considered "valid" comorbidities for abstract collection. For example, a coexisting cancer, which may alter the treatment plan would not have been included. Nevertheless, our analysis had taken into account whether the colon cancer was the first primary cancer or not thus minimizing the impact of any coexisting cancer. Also patients without comorbidities or with unknown comorbidity were categorized into the same group as no comorbidity recorded by the CER specialized cancer registries according to the FORDS coding manual, thus we were not able to compare Charlson or Non-Charlson comorbidity group with the known "no comorbidity" group. Intestinal perforation, obstruction or stoma is known to impact the use of adjuvant chemotherapy; [11] however, this information was not collected by CER registries. Furthermore, our study data did not collect the functional limitations and geriatric syndromes which are known to influence physician treatment decisions in addition to comorbidity [33] .
In conclusion, comorbidities may limit treatment options due to the increasing toxicity of specific chemotherapy agents and reduction in life-expectancy. As the number or severity of comorbidities increased, the likelihood of receiving guideline-concordant chemotherapy treatment decreased comparatively in stage III colon cancer patients, particularly among the elderly. Given that increasing age is paralleled by an increase in comorbid conditions, an enhanced personalized practice that takes into account the cancer patient's coexisting chronic illnesses should be the focus in order to improve the quality of cancer care as emphasized in the 2009 Annual Meeting of the American Society of Clinical Oncology [34] .
